Effects of higher-order nuclear structure and Rad51 overexpression on radiation-induced chromosome rearrangements.
The microchromosomes (MICs) in chicken DT40 lymphocytes are usually clustered in the center of the nucleus, whereas the macrochromosomes (MACs) are preferentially located toward the nuclear periphery. This compartmentalized architecture of the nucleus is associated with a low frequency of translocations between MICs and MACs after induction of DNA breaks by a radiation track(s). In contrast, the MICs in chick embryo fibroblasts (CEFs) tend to be located throughout the entire nuclear volume. The resulting side-to-side arrangement of MIC and MAC territories favors radiation-induced MIC/MAC translocations, which occur more frequently in CEF cells than MIC/MIC or MAC/MAC rearrangements. Collectively, our results suggest that preformed physical contacts are a prerequisite for the generation of chromosome rearrangements through recombinational repair of DNA damage. Cell type-specific higher-order nuclear organization may prevent or stimulate the formation of particular chromosome aberrations in pathology and evolution. Ectopic expression of the recombination protein Rad51 can protect cells from radiation-induced translocations. The repair activity of overexpressed Rad51 is more important for cells that are irradiated in S/G(2) phase than for cells in G(1) phase. Evidently, homologous recombination between sister chromatids of a replicated chromosome is more frequent than that between homologous or heterologous chromosomes during G(1) phase.